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| PUBLIC INFRASTRUCTURE: PORK OR JOBS
CREATOR?
Abstract

Past studies of the impact of public capital on statement economic well-being have often focused on estimates of
production functions, yet such an approach overlooks some important economic relationships. This article presents
estimates designed to carefully measure the impact of public capital on state employment by using a model that
incorporates infrastructure impacts from several different sources. Controlling for differences in states' industrial
structure, demand conditions, production costs, demographics, and noninfrastructure amenities and state fixed
effects, the authors find that infrastructure is a significant variable in determining state employment. Moreover,
surrounding state highway public capital apparently has positive spillover impacts. Finally, a simulation is
conducted to examine whether a government policy of raising taxes to fund an increase in public infrastructure
increases employment.

Although economists agree that public capital plays an important role in the U.S. economy, there is much
controversy regarding the "optimal” level of public capital. In particular, much of the debate has focused on publlc
capital's influence on output or productivity. By contrast, using data for 48 states from 1972-1991, we examine the
relationship between public capital and state employment. This allows us to determine the marginal impact of public
capital on employment. Furthermore, we also include taxes in the specification, which allows us to assess the trade-
off between the costs and benefits of public capital in terms of employment. -

Attempts to measure the impact of public capital using a production function approach go back to Mera (1973) and
Ratner (1983). However, a study by Aschauer (1989) pushed public capital into the national spotlight. Aschauer
found that nonmilitary public capital was a significant input into a national production function and that the implied
marginal product of public capital was quite high. Aschauer's results started an avalanche of studies designed to
refine the estimates of the impact of public capital on production. Many of these studies are reviewed in Eberts
(1990), Munnell (1992), and Gramlich (1994).

Although these studies generated considerable interest, they also generated much controversy. For example, studies
based on national data have generally found a positive infrastructure-output link, but research efforts have begun to
shift to state-level panel data because they have significant cross-sectional variation. This cross-sectional variation
has the advantage of 48 or 50 observations per time period, versus one observation using national data. Among other
things, the additional degrees of freedom improve the statistical significance of the estimates. Consistent with
national studies, the original state-level research found a positive output-public capital link (e.g., Munnell 1990;
Garcia-Mila and McGuire 1992). Similarly, Moomaw, Mullen, and Williams (1995) found a positive output
relationship for some forms of public capital using a random effects model. However, several recent state-level
production function studies have found little association between output and public capital (e.g., Holtz-Eakin 1994;
Garcia-Mila, McGuire, and Porter 1996; Kelejian and Robinson 1997). Most important, these studies have found
that when controlling for state fixed effects, the positive output-public infrastructure link found in ordinary least
squares (OLS) and random effects models disappears. Therefore, given the existing aggregate state-level production



function findings, doubt exists regarding whether public capital played a major role in the decline in U.S.
productivity growth and output growth since the early 1970s (Gramlich 1994; Crihfield and Panggabean 1995;
Holtz-Eakin and Schwartz 1995).
Although potentially useful, the production function approach suffers from some disadvantages, especially at the
state level. Production functions require measurements of state output, which are difficult to derive. This problem is
confounded because price deflators at the state level do not currently exist (see Renshaw, Trott, and Friedenberg
1988, 30). Statistical problems also contribute to the controversy. Such problems include the potential endogeneity
of inputs and outputs, stationarity issues with time-series data, spillover effects, and the treatment of fixed and
random effects with pooled data. Most important, productlon functions omit infrastructure's locational effects on
inputs.
Cost functions are an alternative approach to estimating infrastructure's impact. Although this approach has some
advantages, such as better data being available for input prices versus input levels, the results are still ambiguous.
Eberts (1986), Lynde and Richmond (1992), Nadiri and Mamuneas (1994), and Seitz and Licht (1995) have used a
cost function and found labor and public capital to be substitutes. However, Dalenberg (1987) and Shah (1992)
found labor and public capital to be complements. In estimating profit functions, Deno (1988) found that labor and
public capital were complements, but Crihfield and Panggabean (1996) found more ambiguous results. Finally,
using Swedish data, Berndt and Hansson (1992) found that labor and public capital were complements in some time
periods and substitutes in other periods.
Being dual to the production function approach, the cost function approach suffers from some of the same problems.
For example, because the cost functions focus on conditional factor demands, they also miss important indirect
effects. Immergluck (1993) argues that there are three ways that public infrastructure affects the economy: (a) as a
paid and/or unpaid input, (b) as an amenity that attracts inputs, and (c) as an augmenting factor that interacts with
other inputs and affects their productivity. Thus, cost function estimates, llke production function estimates, may
miss or understate the second and third of Immergluck's impacts.
This article examines the impact of public infrastructure directly on employment rather than on output or costs. This
specification has several important advantages. First, employment data are more reliable than state-level output data,
and employment does not need to be deflated. Second, production and cost functions may not-adequately isolate the
impact of public capital. By increasing location-specific amenities, public infrastructure may increase employment,
yet the production and cost function estimates do not capture this indirect effect of public capital. Third, although
marginal products are of interest, politicians also want to know the impact of additional public capital spending on
the number of jobs. Fourth, production and cost functions have not adequately controlled for other important
variables. Our approach allows us to control for differences in states' industrial structure, demand conditions,
production costs, demographics, and noninfrastructure amenities.[ 1] Fifth, production and cost functions contain no
explicit cost-benefit trade-offs between output and taxes but rather must address such trade-offs indirectly. Our
employment equation includes both public capital and taxes; thus, the trade-off is explicit. Finally, because of the
large sample size--48 states for 20 years--we are better able to test for state fixed and random effects,
autocorrelation, spatial autocorrelation, endogeneity, and model mis-specification. Therefore, we are able to address
many of the econometric criticisms raised in this literature.

I. MODEL OF STATE EMPLOYMENT GROWTH
A myriad of factors may influence state employment growth. These include national employment trends, a state's
industrial structure, spatial product market demand shifts, demographic characteristics, and location-specific factors.
Public infrastructure is among the location-specific factors that may affect employment growth.
In addition to its role as an unpaid input in production (Meade 1952), state public infrastructure can increase the
amenity attractiveness of a state to both firms and households (Dalenberg and Partridge 1997; Fox and Murray
1990). As a firm amenity, public infrastructure stimulates input demand. For example, less congested highways
reduce transportation costs to firms, which increase profitability. As a household amenity, public capital increases
the desirability of the area, stimulating net migration and increasing labor supply. Undoubtedly, reduced highway
congestion also has economic value to households. Both of these amenity effects can influence firm site selection.
Examination of employment growth accounts for the role of public infrastructure as a firm and household amenity in
addition to its role as an unpaid input. In contrast, production function frameworks view public infrastructure only as
an unpaid input, which overlooks infrastructure's influence as a household amenity on labor supply. As Holtz-Eakin
(1994, 20) notes, the production function approach only considers "productivity benefits in excess of direct
provision of amenities.” Analogous statements can be made about the (dual) cost function approach (e.g., Morrison
and Schwartz 1996) and the growth accounting framework of Hulten and Schwab (1991). For instance, if
infrastructure attracts more private capital and labor, a production or cost function approach would simply treat this
as input growth, not as an effect of the provision of public infrastructure.[2]



To isolate the effect of state public infrastructure, we draw on the labor and regional economic literatures to develop
a reduced-form model of state employment growth. Specifically, the model includes factors that influence labor
demand and labor supply that have not been used in previous infrastructure studies. Through industry location
effects, labor demand is generally thought to be positively related to the average rate of profitability in a region.
Factors that influence labor demand include national cyclical employment effects (us); state public infrastructure
(INFRA); industry structure, including factors that shift labor demand (INDUSTRY); state production costs
(COSTS), including nonwage costs and government policies; human capital and other demographic characteristics
of the labor force and population (DEMOG); and firm amenities (FMAMEN). The labor supply of a region is a
function of the infrastructure stock, the human capital and demographic characteristics (DEMOG) of the population,
the level of wages in the region, and government policies. Population growth and labor supply are also strongly
influenced by other regional household amenities (HHAMEN). HHAMEN is assumed to be a broad enough
category to include obvious factors such as climate and scenery and more subtle factors such as government policies
(e.g., taxes).
Based on underlying structural labor demand and labor supply equations,[3] a reduced form for relative employment
growth for state r in year t can be written as a function of public capital and other labor demand and supply factors:
NETGRW/[sub rt] =f(INFRA[sub rt], INDUSTRY[sub rt], COST,,
DEMOG(sub rt], FMAMEN[sub rt], HHAMEN(sub rt]) + DEMAND(sub rt].(I)
NETGRW/[sub rt] is private nonfarm state employment growth minus U.S. private nonfarm employment growth, or
simply relative state employment growth. NETGRW has the advantage of netting out national cyclical patterns that
are common across all states (US from above). DEMAND represents exogenous demand shocks that can shift state
employment growth above or below the national average in both the short and medium term. Examples of demand
shocks include the state possessing a mix of industries that are faring well at the national level and economic
spillovers from nearby states. Regarding public capital, if infrastructure acts as either a firm amenity that increases
profitability and labor demand or as a household amenity that increases labor supply, relative employment growth
will be larger. Finally, by focusing on private sector employment, the model is also consistent with current public
policy priorities and follows Holtz-Eakin's (1994) use of private sector output.
Reduced-form models such as equation (1) have been widely used in the business location literature,[4] where the
exact variables are described below. Specifically, in equation (1), cross-state differences in the levels of the control
variables are hypothesized to cause changes in state r's employment growth relative to the nation. Moreover,
equation (1) is general enough to allow for both equilibrium and disequilibrium effects that cause a state's
employment growth rate to be different than the national average. For example, if greater unionization increases
costs and reduces the profit rate, then employment in states with relatively high levels of unionization should grow
less than the national average, ceteris paribus. Similarly, states with above-average rates of raxation will likely
experience less than average net migration flows and smaller than average labor force growth rates, as well as less
firm growth. Finally, in the empirical modeling, an advantage of using the change in employment as the dependent
variable is that it avoids spurious relationships that may exist between the level of employment and the level of the
independent variables, including the level of infrastructure. This avoids problems that can afflict some production
function studies in which the level of output is regressed on the level of inputs.

II. EMPIRICAL SPECIFICATION AND DATA
Given NETGRW for state r and the factors shown in equation (1), an estimable form is obtained by assuming a
linear model:
NETGRW/[subrt] = alpha +Beta INFRA[sub rt] + Omegal NDUSTR[sub rt]t(2)
+ phiCOST(sub rt] + deltaDEMOG{(sub rt[ + deltaDEMAND(sub rt] + detal{sub r] + e[sub r,t],
where alpha is the constant term, delta[sub r] denotes state fixed effects, and e[ub rt] is the error term. beta, theta,
phi, pi, and delta represent coefficient vectors. The influence of the time-invariant components of firm and
household amenity attractiveness are captured by the state fixed effects. The state fixed effects also allow for the
possibility of persistent differences in state employment growth rates during our sample period. Cross-state
differences in the levels of state public infrastructure and in the control variables are hypothesized to cause changes
in state r's employment growth relative to the nation (NETGRW). For example, if public capital is an amenity, then
employment in states with relatively greater levels of public capital should grow faster than the national average.
Finally, in the empirical analysis, we will examine whether the error term e[sub rt] exhibits first-order
autocorrelation:
e[sub rt] = pe[sub rt] -1 + v[sub rt] (3)
where v[sub rt] is identically and independently distributed and p is the degree of first-order autocorrelation that is
assumed constant across states.



Real state per capita public infrastructure (in thousands of 1987 U.S. dollars) is separated into two components: the
stock of public highways (HIGHPUBK) and the public infrastructure net of highways (NETPUBK). NETPUBK
includes items such as sewer and water facilities, hospital buildings, and education facilities.[5]

Exogenous spatial shifts in producer demand, shown in the DEMAND vector, can cause differential employment
growth. An important source of demand shifts is accounted for by INDMIX, where INDMIX controls for whether a
state is growing faster simply because it has a concentration of fast-growing industries nationally. INDMIX is
calculated using the method of the shift-share model: INDMIX equals a two-digit state employment-weighted
average of national industry growth rates less the U.S. average growth rate. To allow for dynamic effects, the lag of
INDMIX is also included (INDMIX(underbar)L.LAG).{6] Other possible product demand shifts that are controlled for
include the change in farm employment as a share of total employment relative to the nation (CHFARM), the
change in military expenditures in the state as a share of gross state product relative to the nation (MILITARY),
differential employment growth from the United States of the remaining states in a state's census region
(REGIONGR) and its lag (REGIONGRL), and nonlabor force migration such as new retirees each year (RETIREE).
RETIREE is calculated as the difference between expected population ages 65 and over and actual population using
the cohort survival method, expressed as a share of the population (Treyz, Rickman, and Shao 1992).

Industry structure in the INDUSTRY vector is measured by state one-digit employment shares (FARM,
DURABLES, NONDURABLE, MINING, CONSTRUCTION, TRANPU, FIRE, TRADE, SERVICES).[7] Possible
dynamic externalities associated with certain industries, differences in industry productivity growth, and differences
in capital intensity are reasons to include the one-digit industry shares as control variables.

A major component of COST is how the state's relative wage structure compares to other states. Two measures of
the state's relative wage structure are derived from annual nonfarm private wages to capture disequilibrium
adjustments to differing state cost structures. First, a measure of whether the state's mix of industries is relatively
high paying is calculated (WAGEMIX). Formally, WAGEMIX is the state employment-weighted average of
corresponding national industry wage rates expressed relative to the average U.S. private wage rate (U.S. Bureau of
Labor Statistics, ES-202 Employment Data Series, various years). A greater WAGEMIX ratio is hypothesized to
positively shift labor demand through the spillover or multiplier effects of having a larger proportion of high-paying
industries. Second, WAGECOMP is calculated as the ratio of the actual state wage rate divided by state
employment-weighted U.S. industry wage rates (U.S. Bureau of Labor Statistics, ES-202 Employment Data Series,
various years)[8] Holding the state's average wage fixed, the WAGECOMP ratio measures whether the state's wages
are relatively high after taking its industry mix into account. A higher WAGECOMP indicates that the typical
industry in the state is paying higher wages than the industry's national average, which suggests that the typical
industry in the state may be at a competitive disadvantage. Thus, a greater WAGECOMP ratio should reduce labor
demand.

The state and local tax burden (TAX%) and relative energy prices (FUEL) are included as cost controls. TAX% is
measured as the state and local tax (U.S. Department of Commerce, Government Finances, various years) share of
personal income (U.S. Bureau of Economic Analysis, Local Area Personal Income, various years). Taxes are an
important control because they reflect (at least partially) the opportunity cost of state public infrastructure spending.
Relative energy prices are calculated for commercial and industrial users (see Treyz, Rickman, and Shao 1992 for
details).

Additional variables included that may affect a state's business climate and its production costs are the degree of
unionization (UNION%), the availability and generosity of unemployment insurance (UI(underbar) COVER,
Ul(underbar)BENEFIT), and welfare assistance as a percentage of personal income (WELFARE%). UNION% is
calculated as the percentage of the civilian labor force that are union members based on data from the Statistical
Abstract of the United States (U.S. Department of Commerce, various years) and Hirsch and Macpherson (1993).
State Ul(underbar)COVER and Ul(underbar)BENEFIT are measured as the percentage of civilian employment that
is covered by unemployment insurance and the real average weekly unemployment insurance benefit (deflated using
the consumer price index), respectively (U.S. Department of Commerce and the U.S. Employment and Training
Administration, various years). WELFARE%s is based on data from various issues of Government Finances (U.S.
Department of Commerce, various years).

Demographic characteristics are also included as control variables. The percentage of the labor force that is male
(MALE(underbar)LF%) is included to control for the effects of differential changes in female participation rates. To
control for possible discrimination, labor force quality, and preferences for work, the percentage of the population
that is Black (BLACKPOP%), the percentage of the population that is married (MARRIED%), the percentage that is
married or unmarried women having children 6 years old or younger (CHILD6MAR, CHILD6NONMAR), the
percentage that is 14 years or younger (AGE14%), and the percentage that is 65 years or older (AGE65%) are
included. The demographic variables are calculated using the Census of Population (U.S. Bureau of the Census



1970, 1980, 1990) and interpolated for noncensus years. New international migrants (INTMIGRANTS) as a share of
the population are included to control for exogenous labor supply shifts (U.S. Department of Commerce, Current
Population Survey, various years).
The percentage of the population above age 24 who are high school graduates (HS(underbar)GRAD) and who are
college graduates (COLL(underbar)GRAD) are included to control for the human capital of the labor force. These
are calculated using the Census of Population (U.S. Bureau of the Census) for 1970, 1980, and 1990 and
interpolated for noncensus years. To control for the possibility that urbanization is the underlying cause of both
economic growth and increased public infrastructure investment (Carlino and Voith 1992), population density
(POPDEN) and the natural log of the population of the largest standard metropolitan statistical area in the state at the
beginning of the sample (LG(underbar)MSA) are included (U.S. Department of Commerce, Statistical Abstract of
the United States, various years).

II1I. EMPIRICAL RESULTS v
Data for the 48 contiguous states are drawn from the 1972-1991 period for a total of 960 observations. The means
and standard deviations of the variables are reported in column 1 of Table 1; column 2 reports the OLS results, and
columns 3 to 5 contain alternative specifications. For brevity, only the infrastructure results are emphasized below,
but the other results are generally as expected.
Before proceeding to Table I's results, we present a "stripped-down" relative employment growth model that most
closely replicates the specifications used in the production function framework. A major empirical distinction of our
employment growth model from production function approaches is the additional industry structure, cost, and
demographic factors that shift employment. Alternatively, the production function models simply assume that output
is a function of inputs (see note 2). Thus, the closest analogy in our case is to regress employment growth on public
capital. As a first pass, this very parsimonious regression would allow us to examine whether using employment, in
itself, results in dramatically different findings than using output (e.g., through household amenity effects).
Therefore, two simple regressions are shown below (t statistics are in parentheses). The first regression does not
control for the (48) state fixed effects, but the second regression controls for state fixed effects.
NETGRW][sub rt] =-.001 + 6.3E-4*HIGHPUBK + 1.4E-4*NETPUBK, R:[sup 2] =.001
(1.05) (0.21) (4)
NETGRW([sub rt] = .014*HIGHPUBK - .010*NETPUBK + beta*STATE DUMMIES, Rfsup 2}= .24
(4.39) (5.54) (5)
Using equation (5), the results suggest that highway public capital is positively related to employment growth, even
when state fixed effects are included, but this is not the case for net public capital. Thus, at least for highway public
capital, there is some reason to believe that using employment rather than output will result in more favorable
infrastructure results. However, these results are only for comparison to production function estimates because
severe bias could exist because the other variables in our model are omitted. Thus, these results will not be discussed
further.
Now turning to the more fully specified model, in column 2 of Table 1, highway public capital has a positive and
significant influence on relative state employment growth, but the net infrastructure coefficient is statistically
_ insignificant. The stronger highway effects and weaker net infrastructure effects are consistent with Garcia-Mila and
McGuire's (1992) OLS findings and Pinnoi's (1994) random effects results for state output. It is possible that net
infrastructure does not have as strong of an influence on employment growth because it partially consists of
administrative buildings and other types of infrastructure that are less likely to improve productivity. Therefore,
specific categories of net public infrastructure -- for example, harbors or airports -- likely have a greater employment
growth influence than the average effect implied by the net infrastructure coefficient.
During the sample period, it is likely that employment growth persistently varies across states due to factors such as
unmeasured time-invariant firm or household amenities. Thus, there may be omitted state fixed effects that could
bias the OLS coefficients. This possibility is examined in column 3, where state fixed effects are added to the
empirical model.[9]) However, as Holtz-Eakin (1994) notes, by controlling for state fixed effects, the influence of
cross-sectional differences in the independent variables is lost in the estimation procedure, and only the influence of
within-state variation is captured (which tends to bias the coefficients toward zero if there is measurement error).
The highway and net public infrastructure results follow a similar pattern when state fixed effects are included in the
model. These results somewhat differ from those of production function studies that control for state fixed effects
(e.g., Holtz-Eakin 1994; Garcia-Mila, McGuire, and Porter 1996; Kelejian and Robinson 1997) in that state-level
production function studies have generally found little effect for all types of infrastructure.
One empirical problem with the fixed effects model in column 3 is that the autocorrelation of the error terms was
0.39. Thus, the model shown in column 4 corrects for autocorrelation by employing generalized differencing.
Because the first observation for each state is lost, the sample size falls to 912 in this model. The autocorrelation of



the error terms is only 0.07 after the correction. In this formulation, both highway and net public capital are
statistically significant at the 7% level in a two-tailed test. Nonetheless, highway public capital still has a larger
influence than other forms of infrastructure.[10]

An obvious question is that, after fixed effects are accounted for, why does public capital appear to increase
employment when previous production function research found that public infrastructure has little influence on
output? Besides their omission of amenity effects, one possible reason is that production function studies also do not
control for industry structure, cost, and demographic characteristics of the state.[11] Moreover, note that these
results cannot be attributed to increases in employment growth during the construction of the public capital because
that would be reflected in an increase in the construction share of employment, which is controlled for in this model.
Therefore, given the additional variables, infrastructure's estimated influence on employment growth may be
sensitive to variable selection.[12] We examined this possibility by omitting all variables that are not statistically
significant at the 10% level in a two-tailed test. This alternative model is shown in column 5. In this case, most of
the remaining coefficients were basically unchanged, and their statistical significance improved. Regarding the two
infrastructure coefficients, both their magnitudes and statistical significance increased.

Another possible explanation for the difference in findings is that this study considers data through 1991, which is 5
to 10 years later than the period considered in the output-based studies. To examine this possibility, we separately
reestimated our autocorrelation-corrected specification for the 1972-1981 and 1982-1991 time periods. Compared to
the results in column 4, the net public capital coefficients were about threefold larger in both alternative
specifications, suggesting that time period differences are not the cause of net infrastructure's influence. Highway
public capital's coefficient was essentially zero in the 1972-1981 specification and about 0.008 in the 1982-1991
specification, which is about one third larger than the coefficient in column 4. Moreover, the meager highway
influence from 1972-1981 is consistent with Dalenberg and Partridge (1995), who found that highway spending had
little influence on metropolitan-area employment using 1966-1981 data. Thus, one implication is that the influence
of highways on employment growth increased during our sample period.[13]

In general, the finding that greater public capital increases employment growth is robust to basic changes in the
model. Nevertheless, as indicated above, a significant difference between our employment-based model and
previous infrastructure research is that our model has significantly more controls for state differences in (a) industry
structure and cyclical demand, (b) business and household costs, and (c) demographics, labor force quality, and
changes in labor supply. Regarding the first category, some infrastructure studies partially controlled for business
cycle effects by including the state unemployment rate (e.g., Munnell 1990), but industry employment structure is
rarely accounted for. To some extent, cost considerations in the second category are appraised in cost function
studies of infrastructure but not directly in production function studies. Finally, by carefully controlling for the third
group of variables, the quality of the labor force and the amenity effect of public capital are taken into account,
which is a weakness in production and cost function formulations that treat labor as homogeneous. However, a
disadvantage of our reduced form model is that we cannot directly determine the precise channels that exist between
public infrastructure and state employment growth.

Table 2 presents models that show the influence of omitting each group of variables one at a time to illustrate the
sensitivity of the infrastructure results to not carefully accounting for these factors. In columns 1 to 3, the empirical
results are presented where, respectively, the demand and structural variables, cost variables, and demographic
variables are omitted from the model. Overall, except for a reduction in the significance of the highway coefficient
in the model in which the demand variables are omitted, the highway public capital results are robust to these
changes. Net public capital is insignificant in all three alternative models, especially in the case where the demand
variables are omitted. These alternative models suggest that carefully controlling for all three categories is important
in explaining why public infrastructure influences employment growth. In particular, carefully controlling for the
demand and structural characteristics of a state's economy plays a prominent role for our positive findings for both
highway and net public capital, and also controlling for cost and demographic attributes mattered for the net public
capital results.

Our findings support Munnell's (1990) conclusion that greater infrastructure levels positively influence employment
growth. However, these results are an extension of Munnell's because our model also controls for fixed effects and
shows the importance of carefully accounting for demand factors, cost effects, and demographic attributes of the
state.

A priori, we did not expect potential endogeneity of the infrastiucture coefficients to be a concern. Specifically, that
would imply that employment growth in the current period is significantly affecting the stock of public capital,
which was mostly determined by investment decisions made in the previous 75 or so years. However, we do not
want to dismiss the possibility that potential endogeneity of infrastructure is influencing the results.[14] For
instance, expanding economies can afford to construct more infrastructure, which could positively bias the



infrastructure coefficients. Similarly, high rates of employment growth could increase wages in the state's industries
faster than their respective industry wages nationally, which would positively bias the WAGECOMP
coefficient.[15] To test for this possibility, we conducted separate Hausman tests on the two public capital variables
and the WAGECOMP variable in the autocorrelation-corrected specification shown in column 4 of Table 1.[16] The
t statistic for the null hypothesis that potential endogeneity of the variables is not biasing the coefficients is shown at
the bottom of column 4. Only in the case of WAGECOMP could the null hypothesis be rejected. Thus, following
Greene (1993) for the case when autocorrelation is present, column 4 of Table 2 presents the results of a two-stage
least square (2SLS) specification in which WAGECOMP is treated as endogenous. As expected, the WAGECOMP
coefficient is more negative using 2SLS, but the infrastructure coefficients are quite similar.
One important public policy question that remains unanswered is whether it would be in the interests of policy
makers to consider increasing taxes to fund more public infrastructure if their goal was to stimulate employment
growth. A stylistic example using our best-guess estimates of the impacts of infrastructure and faxation in column 4
of Table 1 is used to address this issue. Assume that a given state implements a policy that respectively increases per
capita net and highway infrastructure by one standard deviation, that is, $1,090 and $1,200 (in 1987 U.S. dollars).
Next, assume that the addition of public infrastructure is funded by borrowing the money at a 10% interest rate that
is paid off over 10 years through an increase in taxes. Thus, to fund a one-standard deviation increase in net public
capital, taxes would, on average, increase by 1.23% of personal income for 10 years. Similarly, the average 10-year
increase in taxes would be 1.36% of personal income to fund the increase in highway infrastructure. Using data in
Munrell (1990, 12, 27) regarding the various infrastructure shams and their average service lives, net public capital
and highway public capital am respectively assumed to annually depreciate 2.16% and 1.67% in a straight-line
fashion. :
Taxes required to finance the increase in net public capital would reduce relative employment growth 0.31% a year
for 10 years. This effect is offset by the increase in net public infrastructure, which increases first-year relative
employment growth 0.48%, declining to 0.38% in the 10th year due to depreciation. After 10 years, the net
infrastructure influence on employment growth continues but declines at the 2.16% straight-line depreciation rate.
However, after 10 years, this positive effect is no longer offset by the negative tax effect.
Taxes required to finance the increase in highway public capital would reduce annual relative employment growth
0.34% for 10 years. The corresponding change in employment growth from increased highway public infrastructure
is 0.72% the first year, declining to 0.60% by the 10th year. Again, after 10 years, the highway public capital
influence continues, but it declines at the 1.67% depreciation rate. Regardless, both examples show that even if state
and local taxes are raised to fund increases in public capital, net state employment growth rises, even during the
period when taxes are increased. [17]
Although greater public infrastructure increases a given state's employment growth rate, a related policy issue is
whether the beneficial impacts of increased public infrastructure spill over into neighboring states. If so, there is
justification for federal grants to states and localities in the construction of infrastructure. The potential network
effects in the highway system suggest that if there are spillover effects from public capital, highway public capital is
a likely candidate. Column 5 of Table 2 adds the population-weighted average of per capita highway public capital
in the bordering states (BORD(underbar)HWPUBK) as an additional variable. BORD(underbar)HWPUBK
represents a proxy for the extent of the neighboring states’ highway system. The results indicate that the
BORD(underbar)HWPUBK coefficient's magnitude and statistical significance are both large, but the net public
capital results are basically unchanged. However, the own-state highway public capital's t statistic is only 1.02. At
first glance, it may seem surprising that surrounding state highway public capital has a stronger influence than own-
state highway public capital. However, the simple correlation between neighboring state and own-state highway
public capital is 0.63, which suggests that some of the own-state highway effect is captured by the neighboring state
coefficient? Regardless, these results are further evidence in support of the productivity-inducing effects of highway
public capital.[19]

IV. SUMMARY AND CONCLUSION
This article examined the relationship between state employment growth and the provision of state public
infrastructure. Most recent state-level research has found little connection between public capital and output after
controlling for state fixed effects. However, using a different methodology, this study found a positive public
capital-employment association with state fixed effects, which suggests that the public capital debate has not been
settled. The level of public highway capital was found to be significantly related to state employment growth in all
specifications. Public capital net of highways was also significant in a fixed effects autocorrelation-corrected
specification. Moreover, simulations of infrastructure spending financed by state and local taxes yielded net
increases in employment growth. Finally, public highway capital of bordering states significantly increased
employment growth in the state, suggesting the existence of network effects.



The finding of positive significant employment effects of infrastructure spending with a fixed effects model
contrasts with the insignificant or negative effects found by studies that estimate state production functions with
state fixed effects. However, production and cost function studies implicitly ignore the amenity role of public
infrastructure in attracting capital and labor. Moreover, our results reveal that accounting for industry structure,
product demand shifts, cost considerations, and the quality of the labor force is important for finding some of the
employment-infrastructure link, especially for the infrastructure net of public highway capital. These considerations
generally are omitted in the estimation of state production and cost functions. Overall, this article suggests that more
research should be conducted into the infrastructure-employment growth link, particularly the structural relationship
between employment growth and infrastructure.

NOTES
1. For example, Moomaw, Mullen, and Williams (1995) note that aggregate production function studies do not
account for the industrial composition of the state, which will be shown to be important in this study. In particular,
Holtz-Eakin and Lovely (1996) illustrate the unique role public capital plays in the manufacturing sector. Moreover,
production function studies typically do not account for cyclical conditions, major cost factors, and labor force
quality (e.g., average education). Cyclical factors that aggregate production functions are not designed to account for
include capital underuse and labor hoarding. However, some state-level studies partially control for aggregate
demand by using state unemployment rates (e.g., Munnell 1990). Similarly, a few production function studies
account for some cost factors, including Tatom (1991), who controls for energy prices.
2. This can be seen with the following empirical formulation of the natural log of the Cobb-Douglas production
function for a typical state:
In(Q)=a + b[1]Ln(L) + b[2]In(K) + b{3]In(INFRA),
where Q, L, K, INFRA are, respectively, gross state product, labor force, private capital stock, and public
infrastructure stock in the state. Assuming that labor and capital are attracted to states with greater levels of public
capital--that is, LONFRA), K(INFRA), L' > 0, K' > O -- taking the partial derivative of(1) with respect to INFRA and
multiplying through by INFRA results in
epsilonQ,INFRA -- bIL,INFRA + b{sub 2]epsilonK,INFRA + b[sub 3],
where epsilonfsub i]JINFRA is the elasticity of i with respect to public capital. Typical production function
approaches used in the previous literature estimate epsilonQ.INFRA by b{sub 3], omitting the elasticity of labor and
capital with respect to infrastructure. Given that b[sub 1] and b[sub 2] are; respectively, labor and capital's share of
national income on average (i.e., the coefficients are large), this omission could lead to a large underestimate of the
impact of public capital on economic activity. Likewise, other production functions (e.g., translog) also omit the
possible influence of amenities on the location of labor and private capital. Specifically, deltal./deltaNFRA and
deltaK/deltaINFRA are assumed to be equal to zero.
3. See Eberts and Stone (1992) for an example of a simple structural model of labor supply and labor demand that
incorporates public capital.
4. Regarding public capital, Dalenberg and Partridge (1995) model the impact of infrastructure on metropolitan
employment using a comparable reduced-form model. Similarly, in Wasylenko and McGuire's (1985) business
location model, cross-state differences in the level of taxes and other variables are assumed to influence employment
growth rates in a similar fashion (for a review of alternative approaches, see Newman and Sullivan 1988). Also,
similar growth-levels models have been employed in state migration (e.g., Treyz, Rickman, and Shao 1993) and
unemployment studies (e.g., Partridge and Rickman 1995).
5. For 1972-1986, the state public infrastructure comes from Munnell (1990). Munnell uses a perpetual inventory
technique to construct this data. For 1987-1991, we extrapolate Munnell's data using growth rates from a separate
set of state infrastructure data. These data are described in Bell and McGuire (1993) and are constructed from census
data using the method described in Holtz-Eakin (1993).
6. All employment-related variables are from the U.S. Bureau of Labor Statistics' ES-202 Employment Data Series
(various years). Also note that by allowing the coefficient of INDMIX to differ from 1, the spillover effects to other
industries of having a concentration of fast-growing industries nationally is controlled for.
7. To avoid perfect collinearity during estimation, the share of employment in government is omitted.
8. Formally, the WAGEMIX ratio for state r, year t is calculated as:
WAGEMIX[sub rt] = (sigmEMPSH[sup i]psub rt] * W [sup i]psub t])/Wust,
where EMPSH[sup I][sub rt] is industry i's share of state r's nonfarm private sector employment, WUS[sub t] is the
average annual U.S. eamnings in industry i, and Wust is the average U.S. nonfarm private sector annual earnings. The
summation is over all nonfarm private sector industries. Formally, the WAGECOMP ratio for state r, year t is
calculated as the following:
WAGECOMP[sub rt] = W[sub rt](EpsilonEMPSH [sup i]psub rt] * W'US[sub t],),



where W[sub rt] is the average nonfarm annual earnings in state r. In the empirical analysis, the possible
endogeneity of the wage structure measures is examined.

9. The F statistic for including the 48 state dummies was 9.00, which is significant at all conventional levels. Note
that the log of the 1972 population for the state's largest metropolitan area is omitted from the fixed effects model
because it is constant across time for every state.

10. Another empirical concern is that a random effects specification may be more appropriate. This possibility was
analyzed with a Hausman test of the null hypothesis that the coefficients in the random effects model are unbiased
(Greene 1993). The Hausman test statistic of the specification shown in column 4 equalled 93.2, where the test
statistic is distributed X{sup 2]}(37). Thus, the null could be rejected at the 0.1% level, indicating that a fixed effects
model is more suitable.

11. Focusing on just one industry (e.g., manufacturing) mitigates some industry composition effects, but industry
structure may still matter through spillover effects.

12. We also experimented with a similar model that used the percentage change in real per capita personal income as
the dependent variable, but our basic conclusions remain unchanged.

13. Because the average relative employment growth across the 48 states equals zero in every year by definition,
average relative state employment growth does not vary by year. Nevertheless, as a test of whether common
movement in the independent variables was masking the true effect of infrastructure, we added year dummies to the
specification shown in column 4 (not shown). However, the infrastructure results were quite similar in this
specification. This also indicates that our results would be unaffected by using year dummies instead of differencing
state employment growth from U.S. employment growth.

14. We also considered the possibility that our error terms were spatially autocorrelated (e.g., employment shocks in
Missouri spill over into Kansas). We tested for this possibility by assuming that spatial autocorrelation originates in
bordering states and follows an error-components specification (Kelejian and Robinson 1993, 1997). We assumed
that the degree of spillover into a state from a neighboring state is directly proportional to the relative size of the
neighboring state's nonagricultural employment compared to the other neighboring states. Nonetheless, the null
hypothesis of no spatial autocorrelation could not be rejected at any reasonable level of significance, using a test
developed by Kelejian and Robinson.

15. A state's relative employment growth should not in turn have any meaningful influence on either its INDM1X
employment components or its WAGEMIX compensation component because these variables are essentially
determined in the national labor market (e.g., Blanchard and Katz 1992).

16. The instruments for the Hausman test and the two-stage least square (2SLS) estimates include all of the
exogenous independent variables in the model, in addition to real per capita state personal income and the lags of
WAGEMIX and WAGECOMP.

17. Note that the positive employment influence does not include the public works employment effect during the
construction of the infrastructure. This added influence would be captured by an increased share of employment in
construction. One caveat regarding the positive employment estimates is that they overstate the gains to
infrastructure if there are diminishing returns to infrastructure (e.g., Dalenberg and Partridge 1995), and thus the
estimates are most accurate for marginal changes (also see Hulten and Schwab 1993).

18. The own-state and bordering state highway public capital coefficients were both approximately equal to 0.010
and were statistically significant in the panel estimates that did not correct for autocorrelation (not shown).

19. If neighboring state public capital has positive spillover impacts, it is likely that these effects are due to highway
public capital, not through net public capital (e.g., a city hail in Houston has few spillover effects in Louisiana, but
highways in Texas do affect Louisiana). In other results (not shown), we also included bordering-state net public
capital along with bordering-state highway public capital. As expected, bordering-state net public capital was
insignificant, and the other three infrastructure coefficients were similar to those in column 5.

TABLE 1: Relative State Employment Regression Resulta[a,b]
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(3.94) (2.52) (5.41)

(4.60) (5.86)

OTHER POPDEN 152.70 1.3E-06 1.9E-05
8.9E-06 -

(212.08) (.28) (.22)

(.37 -—

LG (underbar)MSA 6.65 6.6E-03 NA
NA NA

(1.21) (4.87) -

REGION DUMMIES[c] - YES NA
NA NA

R[sup 2} - .59 .71
.63 .59

HAUS.-HIGHPUBKI[d]} -— NA NA
.75 NA

HAUS.-NETPUBK|[e] - NA NA
1.54 NA

HAUS.-WAGECOMP|[ f] - NA NA
4.44 NA

NOTE: EMPLOY = employment; HIGHPUBK = the stock of public highways; NETPUBK = the stock of public
infrastructure net of highways; INDMIX = controls for whether a state is growing faster simply because it has a
concentration of fast-growing industries nationally; INDMIX(underbar)LLAG = the lag of INDMIX; FARM,
DURABLES, NONDURABLE, MINING, CONSTRUCTION, TRANPU, FIRE, TRADE, and SERVICES =
measured by state one-digit employment shares; CriFARM = the change in farm employment as a share of total
employment relative to the nation; MILITARY = the change in military expenditures in the state as a share of gross
state product relative to the nation; RETIREE = nonlabor force migration such as new retirees each year;
REGIONGR = differential employment growth from the United States of the remaining states in a state's census
region; REGIONGRL = the lag of REGIONGR; UNION% = the degree of unionization; WAGEMIX = the state
employment-weighted average of corresponding national industry wage rates expressed, relative to the average U.S.
private wage rate; WAGECOMP = whether the state's wages are relatively high after taking its industry mix into
account; FUEL = relative energy prices; Ul(underbar)BENEFIT, UL(underbar) COVER = the availability and
generosity of unemployment insurance; TAX% = state and local tax burden; WELFARE% = welfare assistance as a
percentage of personal income; MALE(underbar)LF% = the percentage of the labor force that is male;
BLACKPOP% = the percentage of the population that is Black; MARRIED% = percentage that is married;
CHILD6MAR, CHILD6NONMAR = percentage that is married or unmarried women having children 6 years old or
younger; AGE65% = percentage that is 65 years or older; AGE14% = percentage that is 14 years or younger;
INTMIGRANTS = percentage that is new international migrants; HS(underbar)GRAD = percentage that is above
age 24 and graduated high school; COLL(underbar)GRAD = percentage that is college graduates; POPDEN =
population density; LG(underbar)MSA = the natural log of the population of the largest standard metropolitan
statistical area in the state at the beginning of the sample; NA = not applicable.

a. The dependent variable of the regression is the 1972-1991 state employment growth rate minus the U.S.
employment growth rate.

b. Standard deviations and the absolute values of the t statistics are in parentheses. The ordinary least squares results
use the White-heteroskedasticity-consistent t statistics.

c. Nine region dummy variables.



d. The Hausman test t statistic for the HIGHPUBK coefficient.
e. The Hausman test t statistic for the NETPUBK coefficient.
f. The Hausman test t statistic for the WAGECOM P coefficient.

TABLE 2: Alternative Autocorrelation-Corrected Fixed Effects Models of Relative Employment|a,b]
Legend for Chart:
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(2.73) (2.07)

INTMIGRANTS .299 -.532 -=
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(.55) (1.16 -
(.86 (.61)

DEMOGRAPHICS
HS (underbar)GRAD 9.2E-04 -3.7E-04 -
-1.2E-04 -2.7E-04
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(.23) (.52)
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OTHER

POPDEN -1.3E-05 -5.9E-05 3.5E-05
1.7E-05 1.9E-06
(.48) (2.83) (1.56)
(.69) (.08)
R[sup 2} .42 .47 .61
.63 .62

NOTE: HIGHPUBK = the stock of public highways; NETPUBK = the stock of public infrastructure net of
highways; BORD(underbar)HWPUBK = public capital in the bordering states; INDMIX = controls for whether a
state is growing faster simply because it has a concentration of fast-growing industries nationally;
INDMIX(underbar)LLAG = the lag of INDMIX; FARM, DURABLES, NONDURABLE, MINING,
CONSTRUCTION, TRANPU, FIRE, TRADE, and SERVICES: measured by state one-digit employment shares;
CHFARM = the change in farm employment as a share of total employment relative to the nation; MILITARY = the
change in military expenditures in the state as a share of gross state product relative to the nation; RETIREE =
nonlabor force migration such as new retirees each year; REGIONGR = differential employment growth from the
United States of the remaining states in a state's census region; REGIONGRL = the lag of REGIONGR; UNION% =
the degree of unionization, WAGEMIX = the state employment-weighted average of corresponding national
industry wage rates expressed, relative to the average U.S. private wage rate; WAGECOMP = whether the state's
wages are relatively high after taking its industry mix into account; FUEL = relative energy prices;
Ul(underbar)BENEFIT, Ul(underbar)COVER = the availability and generosity of unemployment insurance; TAX%
= state and local tax burden; WELFARE% = welfare assistance as a percentage of personal income;
MALE(underbar)LF% = the percentage of the labor force that is male; BLACKPOP% = the percentage of the
population that is Black; MARRIED% = percentage that is married; CHILD6MAR, CHILD6NONMAR =
percentage that is married or unmarried women having children 6 years old or younger; AGE65% = percentage that
is 65 years or older; AGE 14% = percentage that is 14 years or younger; INTMIGRANTS = percentage that is new
international migrants; HS(underbar)GRAD = percentage that is above age 24 who are high school graduates;
COLL(underbar)GRAD = those who are college graduates; POPDEN = population density.
a. The dependent variable of the regression is the 1972-1991 state employment growth rate minus the U.S.
employment growth rate.
b. Absolute values of the t statistics are in parentheses.
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